DP is a physiologic measure of body functions , and it varies within quite narrow limits in healthy children at rest. Thus, an experienced observer has a quite accurate expectation of what the DP value in children is likely to be. This may lower high DP values and make low DP values higher if an OMS is used. Children's DP values are markedly lower than those of adults, and essential hypertension scarcely occurs at all in children (1-3). Thu s, the accuracy of measurement of low DP values is even more crucial in epidemiologic surveys in children than it is in adults. This aspect is also impo rtant when evaluating the role of low DP in children as a negative risk factor, perhaps just as important as the recognition of high DP as a positive risk factor for coronary heart disease in adults.
DP is a physiologic measure of body functions , and it varies within quite narrow limits in healthy children at rest. Thus, an experienced observer has a quite accurate expectation of what the DP value in children is likely to be. This may lower high DP values and make low DP values higher if an OMS is used. Children's DP values are markedly lower than those of adults, and essential hypertension scarcely occurs at all in children (1-3). Thu s, the accuracy of measurement of low DP values is even more crucial in epidemiologic surveys in children than it is in adults. This aspect is also impo rtant when evaluating the role of low DP in children as a negative risk factor, perhaps just as important as the recognition of high DP as a positive risk factor for coronary heart disease in adults.
Variability in DP measurements is caused by true variation and measurement errors, the latter being capable of arising both from the instrum ent and from the observer (4-10), Quality control of DP measurements is crucial in large-scale epidemiologic monitoring of DP. The use of tape recordings (Rose's tape) is one way of evaluating the differences between observers both within and between cross-sectional studies (4, 11) . One of the well-known observer biases is TDP , i.e. the observer's preference to use a certain digit as the termin al digit of the DP reading. This leads to a systemic error in the recording of DP (9) . To control TDP , a special device called an RZS has been developed by -'ClE. YEARS which TDP is changed from a systematic error to a random error (10, 12) . The RZS has been recommended for use in epidemiologic surveys of BP (13), although it has also been criticized recently for giving lower BP values than OMS (14) .
Because there are no reports on the use of an RZS in largescale epidemiologic surveys of BP in children, we analyzed the BP measurements obtained in the Cardiovascular Risk in Young Finns survey and also analyzed data collected from repeated Rose's tape readings to evaluate the usefulness of Rose's tape for checking the quality of BP measurements.
SUBJECTS AND METHODS
Cardiovascular Risk in Young Finns is a multicenter project being carried out jointly by the five medical schools in Finland (Helsinki, Turku, Tampere, Kuopio, and Oulu) in 17 areas. In each area, a random sample of individuals born in the years 1962, 1965, 1968, 1971, 1974, and 1977 was taken for the examination (15) . Altogether 4320 persons were invited for the first examinations in 1980. Three cross-sectional surveys have been performed so far in which BP was measured in 3549 individuals aged 3-18 y in 1980 (survey I) and was monitored later in 2887 of the same individuals in 1983 (survey II) and in 2500 in 1986 (survey III) ( Table 1 ). The exact sampling procedure is described in detail elsewhere (15) .
BP measurement. BP was measured with an OMS in the first two surveys and in 1986 by using a Hawksley RZS (Hawksley & Sons, West Sussex, UK). Measurements were made after at least 3 min of rest, from the right arm, with the subjects seated with the hand resting on the table. Two cuff sizes, 9.5 x 28 em and 13 x 40 em, were used according to the size of the subject's arm, to cover at least two thirds of the upper arm. All of the sphygmomanometers were checked daily for zero error and dirt in the tube. An ultrasound device was used to measure BP in the 3-yold children in survey I, and therefore these measurements are not included in the present analyses. The BP readings were taken to the nearest even value of mm Hg and were performed three times on each child. Systolic pressure was measured to KI , and diastolic pressure to K4 and K5. In survey III, four readings were taken , i.e. KI, K4, K5, and the random-zero value, which was deducted from the observed BP readings to obtain the real BP value for the individual. All three separate BP readings for each subject taken by the six nurses were included in the analyses of TDP . Altogether 14 nurses performed the BP measurements. Three of those nurses Rose's tape. Rose's tape recordings provide an opportunity to evaluate differences between observers (4, 11). When listening to Rose's tape, each observer hears a series of recorded pulse sounds. When the starting signal for each recording is heard, the observer sets the stopwatches in motion to record the time elapsing between this signal and the occurrence of the KI , K4, and K5 phases and the end mark of the recording (Fig. I) . Two stopwatches were used simultaneously, and the tape was listened to twice during each session, the first time for assessment of the time elapsing up to KI and the total length of the recording and the second time for K4 and K5. The results were calibrated for the speed of the tape before analyses, and the times obtained in the readings were converted to corresponding pressure values (in mm Hg) to evaluate the variation between observers in measuring different phases of BP (KI, K4, and K5).
Trainingofnurses. In addition to listening to Rose's tape, the training sessions for the nurses also included recording BP values while watching a film showing a mercury manometer and listening to simultaneous pulse sounds (4,9, 11) and recording BP by simultaneous measurements using double stethoscopes. The five local research teams consisted of four nurses, one of whom measured BP. This nurse was chosen after checking the nurses' ability to measure BP by reference to Rose's tape (9, 11). Rose's tape was used not only as a training aid but also as an objective control set for the observers (4,9). One nurse was trained to take parallel measurements, and she visited each district twice during each survey (4). The same people were responsible for training the staff in each cross-sectional survey. Data on the occurrence of TDP in the readings made by each nurse in the earlier crosssectional surveys were used in the later training sessions.
Statistical methods. The distribution of the terminal digit for
each nurse was compared with the even distribution and tested The slopes of the BP values plotted against age were compared using a one-way analysis of covariance. Correlations were calculated between random-zero levels and the measured corrected BP values. The Rose's tape readings were assessed using repeated measures analysis of variance.
RESULTS
The slopes of the lines demonstrating BP according to age in 1980 and 1983 differed from those in 1986, when the RZS was used (p < 0.001, one-way analysis of covariance), a continuous rise in BP with age being observed more clearly when the RZS was used (Fig. 2) . This was especially true among the low BP values and for diastolic BP. The distribution of BP values obtained with an OMS did not differ significantly from that obtained with an RZS.
The systolic BP obtained in each age group and in both sexes with an RZS was consistently lower than that obtained with an OMS, and a similar trend was observed in diastolic K4 and K5 BP values (Fig. 2) . The correlation coefficients relating the random-zero level to the corrected BP were all negative, i.e. -0.11 for systolic BP and -0.09 for both diastolic phases K4 and K5.
The mean values for the differences between the correct and actual BP readings in the Rose's tape recordings were -1.2 mm Hg (SD 2.1) for systolic BP, 8.3 mm Hg (SD 13.6) for diastolic K4, and 1.2 mm Hg (SD 7.0) for diastolic K5 BP, with a negative value indicating that the BP phase measured was lower than the correct value. K4 diastolic BP was significantly more difficult to measure accurately than K5 (p = 0.002), and K1 was consistently measured accurately ( Table 2 ). The accuracy of K5 diastolic BP measurements improved from survey I in 1980 to survey III in 1986 ( Table 2) .
The distribution of the terminal digits differed significantly from the even distribution in all six nurses in both 1980 and 1986, whereas five nurses had a significant TDP in 1983 (Fig.  3) . The frequency distributions of the terminal digits were quite similar on different occasions in the case of those nurses participating more than once (Fig. 3) . The deviation of the distribution of the terminal digits from an even distribution decreased in each year when evaluated by the sum of the x 2 values, i.e. from 274.9 in 1980 to 115.2 in 1986 (Table 3) . Zero was the most commonly preferred terminal digit in 1980; three nurses (N2, N3, and N6) used it significantly more often than other figures. The situation had somewhat improved in 1983, but zero still represented 23.5% of all terminal digits and was preferred by two nurses (N5 and N7), and by four nurses (N10, N12, N13, and N14) in 1986 (Fig.  3) . After deduction of the random-zero value, the terminal digits were almost evenly distributed, with one nurse still having statistically significant TDP when tested with the x 2 test, although it was of no practical importance (Fig. 3) .
DISCUSSION
The fact that the age-related BP curves obtained with an OMS and an RZS differed significantly (Fig. 2) demonstrates that the rise in BP according to age is not linear when measured by OMS because of an observer bias. A similar trend can be seen in BP measurements obtained using an automated BP device (16) . The difference in the shape between the BP curves suggests that low BP values are measured inaccurately by an OMS, rendering the range of values measured with an OMS artificially small and thus hampering the evaluation of BP as a risk factor. The BP curves obtained with an RZS are also in better accordance with results showing that there is a correlation between BP and body size, i.e. height and weight (3, 17) . The Rose's tape readings demonstrated that K5 is easier to measure accurately than K4 (p = 0.002), which is in accordance with the results of Rosner et al. (18) , who reported that the reproducibility and predictive values for diastolic BP measurements in children are lower for K4 than for K5 and even suggested that systolic pressure alone could be used for screening for high BP in children. Because low BP in childhood may prove to be a protective factor, we believe that both systolic and diastolic BP should always be recorded but that K5 alone should be used as an indicator of diastolic BP in all age groups of children in clinical practice (17).
Rose's tape was found to be both a useful aid for training observers and a convenient means of quality control in epidemiologic surveys of BP. Nurses involved in clinical situations tend to be less well trained and to concentrate less on BP measurement than those engaged in epidemiologic surveys (19) . Thus, when nurses doing clinical work are used as observers in epidemiologic projects, an RZS should be selected for measuring BP because it allows bias caused by TDP to be controlled and the observer is forced to concentrate better on the measurement of BP, which reduces the effects of any prior expectations (19) .
Parker et al. (13) reported no significant difference in the distribution of terminal digits when well-trained, experienced observers measured BP repeatedly in adults using either an OMS or an RZS and concluded that the occurrence of TDP can be minimized by thorough training even when an OMS is used. Their opinion was that neither instrument is markedly superior to the other (13) . Similar results on the occurrence ofTDP were obtained by De Gaudemaris et al. (20) . In our survey, the occurrence of TDP varied and it could not be abolished by training, although some improvement occurred as suggested by a decrease in the sum of x 2 values (Table 3 ). The individual pattern of terminal digits for a given observer nevertheless changed very little even after extensive training and a long intervening period of time. Our results indicate that the bias caused by TDP in epidemiologic studies on BP may be large enough to hamper the formulation of reliable conclusions (4) and that it can be effectively controlled only by using RZS.
Methodologic surveys have been performed comparing simultaneous OMS and RZS-based measurements or randomized measurements ofBP in the same subjects (13, 14, (19) (20) (21) . These have shown that BP values obtained with an RZS are systematically lower than those obtained with an OMS, the difference being greater for diastolic than for systolic BP (14, (19) (20) (21) , although greater difference in systolic than in diastolic BP has also been reported (13) . The fact that our observers used the OMS and RZS devices in different surveys makes direct comparison between them impossible, but it is obvious that the values obtained with an RZS were systematically lower.
The systematically negative, although small, correlation coefficients between the random-zero value and the corrected BP value observed here support the suggestion that an RZS gives lower BP values due to an observer bias (19) , which may be influenced by the magnitude of the random-zero value (20) . This slight negative correlation still cannot explain the differences observed in the slopes of the age-related BP curves, however (Fig.   2 ).
It can be concluded from the above that low BP values are measured more accuratel y when an RZS is used. Th is finding, in addition to the fact that it is only in this way that the bias caused by TDP can be effectively controlled , supports the use of an RZS in epidemiologic surveys among children, who generally have low BP.
